Introduction
This paper describes the development of a new data set that introduces a spatial component to integrated employer-employee data. These new data, which provide confidentiality-protected information about workers and firms were originally developed and used to explore labor market interactions. Yet, because the data include information about the place of work and the employer, it is also possible to examine spatial interactions to shed new understanding on the growth and development of regional systems requiring the analysis of spatial data. However, despite the overwhelming interest in new sources of data for spatial analysis, the rich geographic dimension of these integrated microdata has yet to be fully exploited.
As Feser and Sweeney (in this issue) point out, spatial analysis has received increasing attention in recent years, driven at least partly by the turbulent change that is characterizing 21
st century economic and social activity. But little high-quality information has been available about such change, limiting the ability of workers, firms and policy-makers to effectively adapt. The challenge facing statistical agencies has been to meet this need for information without incurring enormous respondent burden and taxpayer cost. The Longitudinal Employer-Household Dynamics (LEHD) program at the U.S. Census Bureau has effectively demonstrated how this can be done by leveraging already existing information and combining it in a way that provides information about economic dynamics while strictly protecting confidentiality.
A major aim of the paper is to introduce the LEHD program to the regional science community. Integrated employer-employee microdatasets have only recently become available in the United States, although such data have existed in European countries for over 20 years. And, although a variety of new insights into economic activity have been generated, these have primarily been from a labor economics and industrial organization perspective. Yet because the microdata are geocoded to the point scale, it is possible to define geographic aggregations that match both a regional scientist's research question and a policy-maker's regional requirements. For example, a new series of public use economic indicators has been developed that characterize employment dynamics at a previously unavailable level of demographic and geographic detail. And, a prototype mapping application is being developed that can generate custom geographies tailored to the needs of the economic and workforce development communities. Finally, these detailed and geographically coded microdata will soon be made available to the research community through restricted access agreements, adhering to the strict confidentiality protocols at the Census Bureau.
This paper describes the structure of the integrated employer-employee microdata housed at the LEHD Program at the U. S. Census Bureau1. It provides a background to the development of the program and describes quality issues, a number of regional science applications for both policy-makers and researchers, and the confidentiality protections of the LEHD microdata. In the following sections, the geographic richness and potential usefulness of these data are emphasized.
LEHD Program Data: Structure and History

Program Structure
The As mentioned earlier, a major institutional hurdle was that the integrating of records that existed in external agencies: the federal records at the Internal Revenue Service (IRS) and the state records in each of the 50 U.S. states. Although it was initially envisaged that IRS data would be at the core of the program, it quickly became evident that a regulations change would be necessary before such an approach was viable 10 . As a result, the state data became the core of the program and partnerships were formed with the Labor Market Information agencies of the largest U.S. states: California, Florida, Illinois, New York and Texas, as well as Maryland, the pilot state.
The History of the Program
The next challenge was to create products that reflected the labor and industrial organization expertise of the three Senior Research Fellows and fulfilled both the Census Bureau's statutory mandate and the needs of the state partners. 11 The three initial projects are described elsewhere: namely, "cleaning" the wage records (Abowd and Vilhuber, 2004) ; improving measures of firm entry and exit (Benedetto et al., 2005) and developing
Quarterly Workforce Indicators (QWIs) of economic activity (Abowd et al., 2003) . The focus on the geospatial potential of the data has been relatively recent
Quality of Geographic Data
Source and Coding of Geographic Information
The QCEW microdata are a major source of firm-side information. These data provide establishment-level characteristics, such as detailed NAICS, address, and 9 As the program expanded, additional funding was received from the Bureau of Labor Statistics, the Employment and Training Administration, the Department of Health and Human Services, the Bureau of Transportation Statistics, the Rockefeller Foundation and the Sage Foundation. 10 In conjunction with IRS staff, LEHD staff drafted and finalized an Internal Revenue Service regulations change that permitted the release of the critical integration information to the US Census Bureau. This change 26 CFR Part 301, posted in the Federal Register, vol. 68 No. 13 on Tuesday, January 21, 2003, not only permitted the release of detailed earnings histories to the Survey of Income and Program Participation and the Current Population Survey, but also, in principle, established the legal basis for a federally based employer-employee dataset as well as the state based employer-employee dataset. 11 Title 13 of the U.S. Code is the authorizing legislation which provides the U.S. Census Bureau with broad authority to conduct economic and demographic censuses and surveys. Uses of Title 13 data must provide a direct benefit to the Census Bureau. Under that Title, no uses may be made of the data other than statistical uses; there may be no publication that could identify respondents; there is no access unless an individual is sworn to uphold confidentiality, and that no court can require disclosure under legal process. In addition, the penalty for willful disclosure of an individual's or business' identity, is up to a $250,000 fine and/or 5 years in jail. More information may be found at: http://uscode.house.gov/download/title_13.shtml ownership code. Moreover, with few exceptions, the universe of firms covered by UI wage records is contained within the universe of firms in the QCEW microdata.
However, UI wage records are reported at the level of the firm, not necessarily the level of the establishment. 12 For firms operating more than one establishment, wage records are allocated to an establishment based on an imputation of place-of-work. 13 Thus, establishment-level characteristics are available for nearly all workers in the UI wage data.
The value of these data to the regional science community lies in the fact that the data can be matched to place of residence and place of work information -in principle for all workers in the dataset. The place of residence of each worker (from 1999 onward)
is derived from an extract from the Census Bureau's Statistical Administrative Records System, which incorporates data from the Internal Revenue Service 1040 and 1099
forms, Housing and Urban Development, Medicare, Indian Health Service, and Selective Service System to get a "best" residential address. The match rate to the LEHD data exceeds 90%.
The LEHD program uses geography coding software to map addresses into latitude and longitude coordinates. With these coordinates, entities are assigned to higher-level political and economic geographies, such as county and MSA. The coordinates are also used to calculate distance between place-of-work and place-ofresidence -a measure used in the production of a variety of public use data products.
Because many other uses require mode-specific distance, time and cost information as well, and this information is only available from surveys, the data have also been matched to the American Community Survey (Freedman et al., 2005) . Future research could well investigate the degree to which the LEHD administrative information could be used to impute mode-specific distance, time and cost.
Assessment of Quality
The work by Feser and Sweeney in this issue describes some of the quality issues associated with the detailed geocoding of the QCEW (or ES202 as it is referred to in their paper) data -which, for programmatic purposes, is primarily interested in coding to the county level. Finally, another important geocoding issue is that UI wage records -except for Minnesota -do not include the physical establishment for workers employed by multiunit businesses. For these workers, only the identifier for the multi-unit business is recorded. The LEHD program staff developed a multiple imputation methodology to assign a place of work to these individuals based on the size and hiring patterns of establishments within the multi-unit business and the relationship between the place of residence of each worker and the location of each business.15 This affects some 30% of workers, depending on the state under consideration.
Conceptual Issues
14 It is worth noting it is expected that these comparisons will improve with 2001 data because the full place of work imputation procedure is applied and because of the incorporation of the place of work information by the states. A full discussion of the quality issues of the LEHD data and the CTPP data are provided in "An Evaluation of the Use of LEHD Data for Transportation Planning", LEHD staff report submitted to the Bureau of Transportation Statistics, August, 2003. 15 A probabilistic model of place of work -based on distance between place of work and place of residence as well as the distribution of employment across establishments within the employing firm -is estimated using data from Minnesota and then applied to other states in the program. Details may be found in Abowd, et. al. (2005) .
The differences between the job-based UI wage record data and the worker-based data with which many researchers are familiar means that some key definitional decisions need to be made with regards to earnings and employment. In particular, because all jobs held by all workers in the UI universe are in the dataset, it is possible to analyze two different facets of the labor market -both jobs and employment. The two obviously differ to the extent that there is multiple job holding and the churning of workers through different sets of jobs. In most analyses we choose to focus on one employer-employee match: the employer is taken to be that employer from which an employee derived his or her maximum earnings in the second quarter of the reference year. And, the earnings definition that is chosen in most of current work is the total earnings from all sources during the year.
Finally, advances in confidentiality protection techniques mean that there are substantial differences in the way in which the data are protected. For instance, the synthetic data approach which is used in the mapping application, combined with the fact that the data are universe, rather than survey based, mean that data can be released at the block level without compromising the confidentiality of individuals or businesses.
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Indeed, a mapping application is being piloted for 14 states (http:lehd.excensusonline.com) for economic and workforce development that permits decision makers to examine job creation, job destruction, hires and separations at the block group level -and their dynamics over time.
Applications to Regional Analysis
The Potential for Research in Regional Analysis
The indicators that are produced provide policy-makers and economic developers powerful new tools for regional analysis. These data can be used to facilitate comparisons of employment and earning trends across geographic areas, detailed industries and age groups, aiding in the development of regional economic policy.
Moreover, the data may be particularly useful for those interested in studying the impact of economic change on communities.
However, the production of these indicators created the spatial infrastructure that should be of key interest to regional science researchers. An integral part of the QWI 16 For more information on synthetic data methods see Abowd and Lane (2004) .
production system involved geocoding both place of work (from the employer data) and place of residence (from the employee data) to latitude and longitude coordinates. The broad coverage of economic agents in conjunction with the precise coding of geography make the data particularly suitable for addressing a wide array of topics in urban and rural economic development, agglomeration and growth, economic geography, and spatial econometrics.
As Anselin (2003) has pointed out, data of this type could potentially be used to construct novel measures of space -such as social space through the clustering of workers within firms. In addition, the availability of earnings as well as the ability to identify the commuting patterns of workers permits the testing of a key prediction of the monocentric model of cities -the wage gradient. Gradients by sex, age, and industry of employment may be estimated. Urban spatial structures as described in Anas, Arnott,
and Small (1998) may also be evaluated. The distribution and dynamics of urban development -the prevalence of central business districts, sub-centers, and edge citiescan be characterized. Issues of urban growth and urban renewal as discussed in Glaeser (1992 Glaeser ( , 1998 may be addressed. A recent paper by Glaeser and Shapiro (2001) suggests that in the 1990s cities with high human capital bases grew faster than cities with lower levels of skilled workers. LEHD firm-level human capital estimates (methodology discussed in Abowd, Lengermann, and McKinney 2002) may be used to extend this finding. Finally, the regional science community has witnessed an explosion of research in spatial econometrics (see Florax and van der Vlist 2003) . Integrated employeremployee data provide an opportunity to identify not only spatial relationships in employment dynamics but also possible mechanisms responsible for their transmission.
Geographic Findings in Other LEHD Research Projects
In a series of papers and books on low-wage work LEHD researchers have found that the quality of locally available jobs is significantly and negatively correlated with the fraction of workers who are low-wage workers across geographic areas in several states (Andersson, Holzer and Lane, 2005) . This is an important relationship: variations across space in job quality account for a substantial fraction of variations in low earnings status.
Taking a dynamic view, the researchers see a strong positive relationship between local employer quality and an individual's chances of escaping low earnings. Longer commutes also improve the odds of escape for low earners.
A major concern for planners has been that even if low-wage jobs were being created, they might be being created a long way away from where low-wage workers
live. An extension of the above analysis by LEHD researchers (Andersson, Lane, McEntarfer, 2004) found that this was a valid concern. Indeed, there are more than twice as many low-wage jobs in neighborhoods with low proportions of low-wage workers as there are low-wage workers living in those tracts. In the neighborhoods that are heavily low-wage, there are substantially fewer jobs than there are workers. However, between 1997 and 2001 opportunities in neighborhoods that were somewhat or marginally lowwage did increase substantially. In sum, LEHD research found that low-wage jobs do exist in low-wage neighborhoods, but there remains a mismatch between the location of low-wage workers and jobs.
In other work, LEHD researchers (Andersson, Burgess and Lane, 2005) have examined the striking geographical concentration of economic activities that suggests there are substantial benefits to agglomeration. They directly quantify the role of one of the main contenders -the matching of workers and jobs. Using individual level data for two large states, they show that thicker urban labor markets are associated with more assortative matching between workers and firms. Another critical condition is required for this to generate higher productivity: complementarity of worker and firm quality in the production function. Using establishment level productivity regressions, they show that such complementarity is found in the LEHD data. Putting together the production and matching relationships, they show that production complementarity and assortative matching is an important source of the urban productivity premium.
Finally, work by Freedman, et. al. (2005) finds that geocoding the place of work on the American Community Survey and the Decennial Census involves 3 distinct processes: machine coding by Geography Division, hand-coding by clerical staff, and hand-coding by specialists when the clerical staff refer an address to them. The LEHD program can unambiguously improve self-reports of place of work that are missing, or that have to be imputed.
Public Use Data Products
LEHD Lite
In an effort to extend to the broader research community access to the LEHD microdata, LEHD is developing a suite of microdata files that will soon be available through the Research Data Center (RDC) Network supported by the Center for Economic Studies (CES). 17 Currently, four core microdata files are under development: an establishment-level characteristics file, an establishment-level worker and job flow file, an establishment-level human capital file, and a business register crosswalk file.
The establishment-level characteristics file is a simulacrum of the LEHD internal employer characteristics file, containing, however, only a sub-set of four million establishments from 20 states. For these establishments, information on detailed geography and industry as well as quarterly payroll and monthly employment will initially be available for 1990 through 2001.
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The establishment-level worker and job flow file will provide a subset of microlevel employment, earnings, and flow statistics on which the QWI Public Use measures are based. This file reflects the value added by LEHD research and production efforts.
Coverage in terms of establishments and time is consistent with the characteristics file, so that employment, earnings, and flow measures may be integrated with firm-side characteristics.
The establishment-level human capital file provides measures of human capital as described in (Abowd, Lengermann, and McKinney 2002) . The methodology is based on a wage decomposition that controls for person-level characteristics as well as, importantly, a person-and firm-specific component of wages. Estimates of these components are used to construct firm-level measures of human capital that, in turn, are used to generate kernel density estimates of the distribution of economy-wide human capital. For establishments in the file, the composition of human capital relative to this estimated distribution will be provided.
Finally, the RDC Network provides access to a multitude of firm-level administrative and survey data. The business register crosswalk file will permit 17 See http://www.ces.census.gov for more details on the contents of the LEHD Lite files. 18 The LEHD Lite data will be updated on a regular basis.
researchers to integrate the establishment-level LEHD Lite files with information from other microdata sources available on the Network.
Mapping and Transportation
LEHD has worked closely with the Employment and Training Administration (ETA) to develop an interactive analysis tool for the delivery and presentation of employment, earnings, and demographic measures by detailed geography (census block and block group). The analysis tool will permit analysts in state Labor Market Information (LMI) offices as well as policy-makers and economic developers who work with state Workforce Investment Boards (WIBs) with the ability to produce maps and tabular reports characterizing the local area composition of employment and earnings.
Measures wil be provided on the basis of place of work and place of residence.
For place of work, measures of job loss and gain, hires and separations, and earnings of hires and separations will be made available at the two-digit NAICS level. Also reported will be the proportion of workers by both earnings and age ranges and a count of the number of active establishments. Place of residence characteristics will include two-digit NAICS industry of employment as well as earnings and age ranges.
This is an Internet application that uses a standard Internet browser. Concept testing was completed earlier in 2004 and a prototype version of the application can be viewed at http://lehd.excensusonline.com. The next version will feature detailed, online maps that permit users to zoom in for small area viewing (neighborhoods or small towns)
or zoom out to view metropolitan area or regional labor market patterns. Working with these maps, users will be able to define home and work locations based on standard area boundaries (cities, counties, and WIB areas) or user-defined areas identified using simple drawing tools.
Quarterly Workforce Indicators (QWI)
A primary goal of the partnership between the LEHD Program and state partners is the provision of public use data products, accessible to both policy-makers and researchers. In doing so, state partners fulfill their mandate of providing high quality regional labor market information and the Census Bureau fulfills its Title 13 mandate of improving economic and demographic survey and intercensal population estimates. Also available online is an interactive tool -Industry Focus -which generates comparisons and rankings of QWI measures. This tool was developed to meet the needs of users in the economic development and policy community.
Data Access
Online
The eight QWI Online indicators and derived reports, documentation, and research papers may be found on the LEHD website (http://lehd.dsd.census.gov).
Technical papers and training materials detail many of the complex data processing issues involved in the production of the QWI. Many of the research papers illustrate the versatility and value of the LEHD microdata.
By Request
For participating states, a full set of thirty, state-specific, QWI measures are delivered to state LMI centers. Files are available in a variety of formats and are provided at a variety of industry and geographic detail (4-digit NAICS and county being the finest level, respectively). Researchers interested in the full set of measures should contact the relevant state LMI center or the LEHD program manager. It is a restricted access site, requiring a password, and use of the data is subject to the approval of state LMI offices and CISER. Also, there are additional restrictions that apply to the posting and removal of data from the CISER servers. Information on data access through the CRADC is available on the LEHD website.
Simulated Data
LEHD research staff are currently working on the development of a number of synthetic public use microdata products. Synthetic microdata fulfill both the need to protect the confidentiality of individuals and establishments as well as the desire to release a statistically useful microdata product. A description of the methodology is provided in Abowd and Lane (2004) . Though in its infancy, LEHD research on the development of a synthetic public use microdata file emerging from the integration of Survey of Income and Program Participation (SIPP) and Social Security Administration (SSA) data has produced encouraging results. In the future, methods used to produce the SIPP-SSA synthetic data will be refined and potentially applied to additional LEHD microdata.
Conclusion
The defining characteristic of 21 st century society will be constant change. But little high-quality information has been available about such change -limiting the ability of workers, firms and policy-makers to effectively adapt. The challenge has been to create such information without incurring enormous respondent burden and taxpayer cost. The LEHD program has uniquely and effectively demonstrated how to leverage already existing information and combine it in a way that provides information about economic dynamics while strictly protecting confidentiality.
The core problem has been how to produce relevant, accurate, and timely statistics without additional data collection and in a time of very constrained resources. .
